Coinfection of hepatitis B virus (HBV) or hepatitis C virus (HCV) with HIV is common and associated with increased mortality and increased risk of progression to chronic liver disease. We aimed to study long-term liver diseases after initiation of antiretroviral therapy (ART) in HIV-infected patients with and without HBV or HCV coinfection. A retrospective cohort of 92 patients (32 patients with HBV and/or HCV coinfection) was analyzed. Overall mean age was 38.3 years, and 54.3% were males. Immunological and virological responses were similar between the 2 groups (P > .05). During a median follow-up period of 6.1 years, 12 (13.0%) patients had liver diseases. Kaplan-Meier analysis showed that the coinfection group had a significantly higher probability of developing liver diseases after ART (log-rank test, P < .001). Among the subgroup of 32 patients with coinfection, patients who were initiated ART at CD4 count <200 cells/mm 3 had a higher rate of liver diseases compared to those who were initiated ART at CD4 count 200 cells/mm 3 (42.3% versus 16.7%; P ¼ .004).
Introduction
Hepatitis B virus (HBV), hepatitis C virus (HCV), and HIV share the same routes of transmission, especially sexual contact and intravenous drug use. In HIV-infected patients, coinfection with HBV and/or HCV is common. 1 The global prevalence of HBV coinfection among HIV-infected patients is approximately 5% to 10%. However, this prevalence in Africa and Asia is higher to be at 10% to 15%. 2 In Thailand, HBV coinfection is observed at 8.7% to 9.7%. 3, 4 For HCV, the prevalence of HCV coinfection among HIV-infected patients varies from region to region. The prevalence in the United States and Europe is as high as 25% among HIVinfected patients. 5 In South and Southeast Asia, this prevalence ranges from 1.2% to 98.5%. 6 The prevalence of HCV coinfection among HIV-infected patients in Thailand is 7.8% to 8.8%. 3, 4 It is known that HIV accelerates the progression of liver disease and HBV or HCV coinfection with HIV results in increased morbidity and mortality associated with viral hepatitis. 1, 7, 8 Since the introduction of antiretroviral therapy (ART), liver-related mortality has become one of the most common causes of non-AIDS deaths among HIV-infected patients in developed countries. Complications of liver diseases due to chronic HBV or HCV coinfection are major reasons. 1, 7 In Thailand and other developing countries, ART has been rapidly scaled up for a decade. AIDS deaths, such as opportunistic infections, have dramatically declined, and non-AIDS morbidity and mortality are emerging. 9 Although the burden of HBV and HCV coinfections is greatest in resource-limited settings, the long-term liver diseases among HIV-infected patients after initiation of ART are unclear. The primary objective of the present study was to compare liver diseases between HIV-infected patients with and without HBV or HCV coinfection. The secondary objectives were to determine the factors associated with liver diseases after initiation of ART and to determine the difference of liver diseases in a subgroup of patients with HBV or HCV coinfection between early and late ART initiation. ) were used to describe the continuous data with and without normal distribution, respectively. Categorical variables between the 2 groups were compared using w 2 or Fisher exact test where appropriate. Continuous variables between the 2 groups were compared using Student t test or Mann-Whitney U test. Kaplan-Meier analysis with log-rank test was used to determine and compare the outcomes between the 2 groups. Cox regression was used to determine factors associated with liver diseases. The results are presented as hazard ratios (HRs) with 95% confidence intervals. A P value at <.05 was considered statistically significant. All analyses were performed using an electronic database organized in SPSS version 16.0 (IBM Corporation).
Results
A total of 92 patients were included in the analysis. Of all, 32 (34.8%) patients had HBV and/or HCV coinfection. The number of patients with HBV, HCV, and HBV þ HCV coinfections were 10 (10.9%), 19 (20.7%), and 3 (3.3%), respectively. Overall mean age was 38.3 (SD 8.0) years, and 54.3% of patients were males. Baseline characteristics of the 92 patients are summarized in Table 1 . The proportions of male gender and patients with underlying diabetes mellitus were significantly higher in the coinfection group (P ¼ .004 and .048, respectively). Risks of HIV infection between the 2 groups were different. Patients in the coinfection group had a higher proportion of intravenous drug use than patients without coinfection. There were no differences in age, other underlying diseases, history of hepatotoxic drug uses, HIV disease staging, baseline CD4 count and HIV RNA, and the distribution of initial ART regimen between the 2 groups (P > .05).
During a median (IQR) follow-up period of 6.1 (3.8-7.7) years, immunological and virological responses were similar over time between the 2 groups (P > .05), as demonstrated in Table 2 . In the meantime, the results of LFT at baseline and at 1, 2, 3, 4, and 5 years after initiation are summarized in Table 3 . At baseline when ART was initiated, AST and TB were significantly higher in the coinfection group. At 2 and 3 years of ART, AST and ALT were significantly higher in the coinfection group as well. Almost all others during the first 5 years after ART initiation were similar between the 2 groups (P > .05).
Of the 92 patients, 12 (13.0%) had liver diseases and were exclusively observed only in the coinfection group. These included 10 (10.9%) patients with abnormal LFT and 7 (7.6%) patients with cirrhosis. Of note, 5 patients had both cirrhosis and abnormal LFT. There were no patients having clinical hepatitis or hepatocellular carcinoma. Liver diseases as composite outcomes, abnormal LFT, and cirrhosis were significantly higher among patients in the coinfection group (Table 4) . Concordantly, Kaplan-Meier analysis also showed that patients in the coinfection group had a significantly higher probability of having liver diseases after ART (log-rank test, P < .001; Figure 1 ). Univariate and multivariate analyses of factors associated with liver diseases have shown that only HBV or HCV coinfection was associated with liver diseases (HR: 17.68, P ¼ .045; Table 5 ).
In the subgroup of 32 patients with coinfection, patients who were initiated ART at CD4 count <200 cells/mm 3 had a higher rate of liver diseases compared to those who were initiated ART at CD4 count !200 cells/mm 3 (42.3% versus 16.7%; P ¼ .004; Table 6 ). Patients in the coinfection group also had a significantly higher rate of abnormal LFT (34.6% versus 16.7%; P ¼ .011) and a trend toward higher rate of cirrhosis (23.1% versus 16.7%; P ¼ .059).
Discussion
Liver diseases from HBV or HCV coinfection have become a leading cause of morbidity and mortality among HIV-infected patients in developed countries. The progressive liver diseases may threaten the long-term success of ART. In developing countries where HBV or HCV coinfection with HIV is common, the emerging problem of liver diseases is a great concern. The results of the present study have demonstrated that longterm liver diseases after initiation of ART in HIV-infected patients with HBV or HCV coinfection were significantly higher than that in patients without coinfection. The Kaplan-Meier analysis also showed that liver diseases had occurred more frequently during the first 5 years after ART initiation and then occurred through 10 years after ART initiation. This finding emphasizes for physicians to regularly monitor liver function in long-term care of HIV-infected patients with HBV or HCV coinfection. The results of the multivariate analysis in the present study have revealed that HBV or HCV coinfection was the only factor independently associated with the occurrence of liver diseases. A previous cohort study reported that coinfection with HBV is associated with hepatic outcomes similar to HCV. 10 The consequences of HBV or HCV coinfection are chronic hepatitis, cirrhosis, hepatocellular carcinoma, and hepatotoxicity from antiretroviral drugs. The latter is very important in HIV endemic regions with rapid scaling up of ART, especially in resource-limited settings where HBV and HCV coinfections are not routinely screened. 11 Elevation in liver enzyme levels after ART initiation is common, particularly in HCV coinfection because of impaired hepatocyte defense mechanisms. Hepatitis C virus coinfection is associated with 2-to 10-folds chance of developing elevated liver enzyme levels after ART initiation. 12 Although knowing HCV serology status may not change the decision regarding choices of antiretroviral drugs, it is beneficial to determine the patients who need close monitoring of liver function after ART initiation.
Initiation of ART in HIV-infected patients with HBV or HCV coinfection has improved survival and quality of life. For HBV coinfection, ART regimens also provide treatment for HBV as well. 13 For patients with HCV coinfection, ART has also improved liver function since CD4 count recovery on ART is associated with decreased progression to liver disease. 14, 15 Among patients with HBV or HCV coinfection, the results from the present study have shown that late initiation of ART at CD4 count <200 cells/mm 3 was associated with a higher chance of having liver diseases after ART initiation, when compared to patients who were initiated ART at CD4 count !200 cells/mm 3 . Liver flare after initiation of ART in advanced HIV-infected patients may play a role for this phenomenon. [16] [17] A previous cohort study also described that control of immunosuppression with ART and CD4 counts >200 cells/mm 3 was associated with better hepatic outcomes. 10 Therefore, in resource-limited settings where ART is not available for all, HIV-infected patients with HBV or HCV coinfection should be one of the priority groups to initiate ART earlier.
There are some limitations to the present study. The nature of the retrospective study may lack some information. The study was conducted in resource-limited setting, and the results may not be applicable to resource-rich settings. The relatively small sample size of study patients may not be able to demonstrate the difference in clinical outcomes between patients coinfected with HBV and HCV.
In conclusion, HIV-infected patients with HBV or HCV coinfection have a higher chance of developing liver diseases after ART initiation. Close and regular monitoring of liver function after ART initiation is recommended. Screening of HBV or HCV coinfection prior to ART initiation is beneficial for long-term care of HIV-infected patients. To decrease the risk of liver diseases, ART should be initiated early in HIV-infected patients with HBV or HCV coinfection.
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